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SUMMARY

A full-scale—tunnel investigation was conducted to study the effects
of time rate of change of angle of attack, idling propeller operation,
and. Reynolds number on the maximum 1ift coefficient of a single—engine
fTighter—type airplene. Flight test meassurements of the maximum 11ft
coefficient of the sams alrplane were also made and the resulis have
been compered wlith the wind—tunnel data. Thils comparlson showed exact
sgreement in the flaps—up configuration. In connection with the flight
comparison two unusual corrections, one for a spanwlse variation of the
dynamic pressure and the other for the clHordwlse variation of the Jet—
boundary induced downwash, were found necessary because of a combination
of two factors: +the large size of this alrplane compared with the wind—
tunnel Jet aresa and the high maxlmum 11ft coefficient attained by this
airplane with the flaps extended. These correctlions are discussed and
thelr megnitudes are given.

The results of this Investigation lndicated that good agreement
between wind—tunnel and flight test values of the maximum 1ift coeffi-—
clent can he obtalned if both the wind~tunnel and £light tests are
carefully controlled so that such condltlons as time rate of change of
angle of attack, propeller operatlion, Reynolds mumber, and surface
roughness are reproduced and 1f the sirplene being tested is not too
large in comparison with the size of the wind tunnel used.

INTRODUCTION

Data obtalned in the lLangley full—scale tumnel frequently provide
opportunities to compare wind—tunnel test results with flight test
results because a production airplane can be tested therein at large
Reynolds numbers. Because of the lmportance of the landing performsnce.
of an alrplane, the maximm—lift-coefficlent comparison has received
much attention. A previous investigation (reference 1) showed that good
agreement could be obtalned betwsen the full—scale--tunnel and flight
measurements of the maximum 1ift coefficient of an alrplane, only 1f
both the wind-tunnel and f£light tests were carefully controlled and, in
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particular, only if the time rate of change of the angle of attack was
the same for each. Both the wind—tunnel and flight tests were made with
the propeller stopped. Most of the recent asirplane Investigatlons
conducted in the Langley full—scale tunnel have been made for the purpose
of drag clean—up and consequently only a few static determinations of

the maximum 1ift are available for most—of the alrplanes investigated.
These determinations have been summarized and analyzed in reference 2.
The maximum 11ft coefficlents of these investlgations, when compared with
the values obtalned from £light tests made under various conditions, have
shown large discrepencies. These discrepancies are perhaps to be expected,
since 1n the flight tests both the time rate of change of angle of attack
and the propeller operating conditions were dlfferent than in the wind—
tunnel tests. BGome appreclable differences were noted among the flight
tests presumably for the same reason, that is, variation of test
conditions.

Correctlions for these dlfferences In test condlitlons could not be
accurately determined for at least two reasons: <first, in the absence
of wind—tunnel datas at the proper propeller operating conditions, an
accurate estimate of the effect of the idling propeller on the maximum
1ift coefficient was Impossible; and second, the correctlion for the
tims rate of change ofangle of attack was uncertain for many rsasons
such as the fact that the typical present=day fighter airplane differs
in many ways from the alrplane of reference 1. The present—day airplane
has a wing which is larger and more highly loaded thaen that of the
earller alrplane. The surface of the metal—covered wing, with numsrous
access doors and plates, is much rougher than the highly pollished fabric
surface which was maintained in the previous Ilnvestigation. Also, the
flaps wlth which the present—day fighter airplane ls equipped increase
the maximum 1ift coefficlent and the dreg coefficient to values far
above those encountered in the earlier tests. In view of these
differences In design and constructlon, there was some question as to
the general validity of using the date of reference 1 in predicting the
maximum 11ft coefficient of-a present—day airplame. Also, available
information Indlcated that many of the fllight tests had probably been
mede at values of the parameter for time rate of change of angle of
attack which exceeded the range of the investigation of reference 1.

The extrapolation of these data was looked upon as a doubtful procedure.
There was scome doubt, too, as to whether the data of reference 1 would
apply to the case of a wing with fleps.

The purpose of the present investilgation is, therefore, to determine
the effects on a present—day fighter alrplane of some of the factors which,
if neglected, may cause Important discrepancies between wind—tunnel and
flight measurements of the maximum 1ift coefflcient and, with the ald of
this informatlion, to meke a camparison of the wind—bunnel and flight
measuremsents of the maximum 11ft coefficlent of the alrplane tested.
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SYMBOLS

1iPt coefficient (Lift/qS)

maximum 1ift coefficient

increment of maximm 1ift coefficilent

normal—force coefficient (Normal force/qS)
propeller advance—ld.iameter ratio

Reynolds number (EV3 /i)

dynamic pressure, pounds per square foot (%pv2>
wing area, square feet

wing mean aerodynamic chord, 7.8 feet

local wing' chord, feet

wing span, feet

mags denslty of air, slugs per cubic foot
coefflcient of viscosity for air, pounds per foot—second
free—stream veloclty '
propeller dlamster, feet

propeller rotational speed, revolutlons per minute
angle of attack of thrust axls, degrees

angle of attack at maximum 1ift, degrees

increment of angle of attack at meximm 1ift, degrees

time rate of change of angle of attack, degrees per second

ATRPTANE AND EQUIPMENT

The alrplane used in this lnvestigation was a single—engine low—
wing fighter equipped with 0.256¢ and 0.64b slotted fleps which deflect
to 48° in the down position. The wing sections at the root and tip
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were NACA 23016 and NACA 23009 ailrfoils, respectively. A three—view
drawing showing the dimenslions 1s given in flgure 1 and a photograph
of the aeirplane mounted in the Lengley full-scale tumnel ls presented
ag figure 2. For the present investigstion the sirplane wes mounted as
shown in this photograph except that the horizontal tail was removed
for ell tests and the resulting holes covered with metal feirings.

The wing was in the service condition, except that the guns were
removed and the gun ports were covered. The flight tests were made
with the aeirplane wing surface covered with service camouflage paint;
but in order to obtain well—defined tuft patterns for photographic
studies of the alr flow over the wing in the wind tunnel, the upper
surface was painted whlte with spanwlise black reference lines at the
O.4—chord and O.7—chord stations. The surface roughness arising

from the camouflege palnt was not materlally eltered by the application
of an additional coat of whilte palint for the tunnel tests.

A detalled description of the Langley full—scale tunnel and
asgoclated equipment is given in reference 3. For the present investi—
gatlon a speclal tall support wlth high-speed gearing was used Lo
produce a contlnuous change in angle of attack at rates varying
from 0° to 0.85o per second. A basge for use 1n ascertalning the time
rate of change of angle of sttack was provided by an NACA standard
timer. The angle of attack and synchronlizing signels from the tuft—
study cemera, the timer, and the balance print clrcults were continuously
recorded on film. At intervals whlle the alrplane was moving through
the range of angle of attack, the balance dlals were momentarily held
stationary while the readings of all the balances were printed
pimulteneously. In order to permit the balances to follow the rapidly
varying forces and to decrease the tlme required for recovery following
a printing impulse, a rapld balance—system response was desired. This
response was obtalned by reducing the damping in the balance system,
which is normally heavily overdamped, to about the critical value.

METHODS AND TESTS

. The investigetion consisted of tuft surveys to study the air flow
over the wing surface and force tests for a range of da/dt from 0°
to 0.85° per second. The two condltions described in the following
table were investigated in detaill:

Configuration Flaps Landing Gear Canopy
Clean Retracted Retracted Closed
Landing Fully extended Extended J Open

Force tests were made with the propeller 1dling and wilth the
propeller removed to determine the effect of the 1dling propeller on
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the maximm 1lift coefficlent. For the 1dling power conditions, the
propeller was set at the low pitch stop (18° at the 0.75 radius) and was
run at 350 rpm which, for a tunnel speed of 75 miles per hour, very
nearly matched the £llight values of V/n.'D. Lower propsller speeds
would have been deslrable for the lower tunnel speeds but were not
feaslble because of excessive engine fouling. Most of the tests were
run gt a tunnel speed of T5 miles per hour.

Some additional force tests were run with the propeller removed
at velocities ranging from 38 to T5 miles per hour to determine the
effect of Reynolds number on the maximum 1ift coefficient of the alrplans.
One test was made with the sirplane In the landing condition but with
the canopy closed to determine the effect of the canopy position on the
maximum 1ift cosfficilent.

A few preliminsry tests were made to determine the masgnitude of
the tims lag and the dynamic loading in the wind—tunmnel balance system
caugsed by the continuous motion of the angle—of—ettack mechanism and
the test salrplane. The Influence of these factors was found to be
negligible.

The force tests were made by first starting the timer amnd recorder
and then printing the balance readings as the alrplane moved through
the range of angle of attack. The exact valuss of the angle of attack
and the time rate of change of the angle of attack for ths individual
tests were determined from the galvanometer film records of the angle
of attack and the time base.

In order to study the air flow over the wing surface, wool tufts,
about 4 inches long, were attached to the upper surface of the wings
with cellulose tape. The flow patterns ensulng with the tunnel in
operation were visually observed and were simultansously photographed
by motion—picture cameras. The tufts were removed for all of the
force tests.

RESULTS AND DISCUSSION

Results of the force tests showing the effects of Reynolds number,
time rate of change of angle of attack, 1dling propelier operation,
and canopy position are dlscussed herein. Followlng the results of
the force tests, the results of the tuft surveys aere presented and
discussed with regard to the effects of the time rate of change of
angle of attack on the stell progression. Typical time histories of
flight stalls, which were used as a basis for comparisons of the
flight values of Cgp with the tunnel data, are also presented.

The flight comparison 1ls discussed with partlcular attentlon to two
unusual corrections which were found necessary because of" the large
glze of this airplane in comparison with the size of the wind—tunnel used.
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All wind—tunnel data presented have been corrected for Jet—boundary and
blocking effects and for support tares by the usual methods.

Force Tests.

Effect of Reynolds number.— The effectof Reynolds number on Cr,

is shown in figure 3 for the airplane wilth the propeller removed. Those
curves show that Increasing the Reynolds number from 2.5 X 106 to 5.1 x 106
had a small effect (refersnce 2) on the maximum 1ift coefficient of the
alrplane as tested. Wing roughness resulting from numerous surface
discontinuties caused by rivets, surface gaps, and access doors and

from normel surface deterioration due to several years of use may be
responsible for the small magnlitude of the Reynolds number effect as
indicated 1n reference . - -

Effect of g—g—_:'— The varlatlons of the liftcoefficlent with the

angle of ettack for values of the nondimensional parsmeter for time rate

of change of angle of-attack %%% ranging from O to 0.063 are presented

in figure L4 for the propeller—removed coanflguration. In the clean

condition Cgp Increases from 1.15 to 1l.21 as %%—% increases from 0

to 0.061 (fig. 4(a)); whereas in the landing condltion the increase

-g‘% increases from O to 0,063

in Crp,, 1s from 1.63 to 1.72 as
(fig. 4(v)).

A gsumary of the data obtained during this investigatlion showing
the Increments of Cg resulting from Ilncreasing values of %—% is
given 1n flgure 5. The range of values for this parameter was lncreased

beyond that of Ffigure 4 by decreasing the test velocity. A value

<lal

of ACIM of about 0.13 was obtalned when %g—%_w_as increased from O

to 0.12. The positlion of the flaps and the landing gear had little

effect on the varliation of AC with S _d._a,. The effect of increasing
- 2 — Lnax vV at _

the paremeter Y—_'-cf-b- on the inci;ement of angle of attack for Crp is

given in figure 6 for the same conditions as in figure 5.  Although the
test points scabtter considerably, the results show a definite increase

in the angle of attack :[‘or__CI with Increasing g -g:%. The data for

the propeller—removed condlitlons show larger Iincrements 1n the angle of
attack for Cg in the clean condition than in the landing condition.
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In the investigation of reference 1, which is the most recent

glmilar investigetion, the range of g—%—% was only about 0.1 of that
for the present investigation. Over this small range the maximum—1ift—
coefficient increments were much greater than those meassured in the

rresent investlgation. Moreover, because of the limited test range the

large decrease 1n slope for the curve of ACy ageinst g%% at the
higher values shown In figure 5 was not reached. The dlfference in

the values of ACp obbalned in the range where the test results

overlap probably results from the numerous differences in the two
alrplanes tested. In particulasr, the earlier tests were conducted with
an alrplane having a smooth rectangular parasol wing of 2R;12 airfoil
sections in contrast with the comparatively rough, tapered (2:1), low
wing of RACA 230—seriss girfoil sections used on the airplane tested in
the present investigatlion. The increase in maximum 11ft coefficient due
to the time rate of change of angle of attack is the result of a delay
in the separation of the flow over the wing as shown in the section
entitled "Tuft Studies.™ The factors of wing—surface roughness, taper
ratio, alrfoil section characteristics, and wilng—fuselage Interferencs
are known to have a strong Influence on the progress of the flow
separation over a wing for statlic conditions. It is logical that these
Tactors should slso have an lmportant influence on the progress of flow
separation under conditions of changing angle of attack. It is probable
also that data obtained in this Investlgabion axre not quantitatively
applicable to all other alrplanes although the dats indicate the order

of megnituds of the effect of %%’% on Cp . From these results,
it appears that a careful estimate of fllght values of Clm from
wind—tunnel data or comparlsons of f£flight values of CIznax wE-bh one
enother must include careful consideration of the effect of % g'.—g‘—
on C-T-Emax'

Effect of i1dling propeller operation.— The variation of the 1ift
coefflclent with the angle of attack for values of the nondimensional

parsmeter ;%—% ranging from O to 0.061 are presented in figure T for
the propeller—idling configuration. A comparison of figures 4 and 7
shows the same Increasing trend of Cg and GC: with %%

for the propeller~idling condition as for the propeller-removed condition.
The values of A&Cy due to alrplane rotation in pitch with the

propeller idling are about 20 percent higher than with the propeller
removed (fig. 5); this smounts to an increase in Aclmx of about 0.02
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at a value of g—% of 0.09. For the results with the propeller
opereting given in figures 5 end 6, the values of g—%%’ above 0.06

were obtained by decreesing the tunmnel velocity while the propeller

rotational speed was mainteined et a comstent value (350 rpm). Thus
the higher values of %g'% were obtalned at decreased values of V/nD

(V/oD ranged from 1.40 to about 0.94). The variation of ACr

and A with f’?— % was not materially altered by the variation

of V/nD within the range Investigated. In this condltion, as in the
propeller~-removed condltion, the poslition of the flaps and the landing

gear appears to have little effect on the varation of ACr with v"’: %“-.
Curves showling the effect of the idling propeller on Cp
and ap are given in figures 8 and 9, respectively. Operstion of the

propeller at idling power (5% = 1,).;.0) resulted in an average lncrease
in Cg of about 0.09 for the clean configuration and of about 0.16

for the landing conflguration although the propeller was operating at
negative thrust. The angle of-abtack for » however, was lower

for the conditions with the propeller idling (L = 1.1»0) than for

the conditions with the propeller removed (fig. 9) for tae higher

valuss of %%’ Flight—test stalls are rarely performed at values

of g%“% lower then about 0.0l or rates of - da/dt— lower than 0.1° per

second.

Reducing the tunnel veloclty, which also decreased V/nD,
increased Clm merkedly, as ls shown by the data presented in
figurs 10. There 1s a continuous incresse In Cr,,., as V/oD is
decreased such that, for the clean configuration, Cr increases
from 1.20 to 1.50 ae V/nD is decreased from 1.40 to 0.70 and, for the
landing configuration, Cr, . increases from 1.80 to 1.88 as V/oD is

decreased from 1.33 to 0.9%. The importance of careful selection of the
conditions of propeller operation is illustrated by the relatively large
variation of V/nD wilth alrspeed with the engine idling (throttle

closed) measured in the flight tests of the present—dsy airplans (fig. 11).

Effect of canopy pogition.— The results of tests made to determine
the effect-of the canopy position on Cp for ths landing_ configuration

with the propeller 1dllng are presented in figure 12. Th_é data show
that the effect of the canopy position on CLma.x: is sufficlently small

to be lgnored for thls ailrplane. It.would be advisable, nevertheless,
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to test ldentlcal conflgurations when attempting to reproduce results
of meximm 11ft tests on other alrplanes.

Tuft Surveys

The stall progressions for the clean and for the landing configu—

rations are shown in figures 13 and 1Y%, respectively, for a range of
da

values of \E?E from O to 0.089. These sketches were drawn from

visual observations and photograsphs of numerous wool tufts placed on
the upper—wring surface. Accompanying the stall diagrams are 1lift
curves with arrows to indicate the positions on the 1ift curves for
which each tuft observabtion was made. In order to provide a rapld
comparison of results, the stall diagrams for corresponding angles of

attack at different values of gg—g’- are arranged in horizontal rows.

The results of figures 13 and 14 show that for both the clean and

the landing conditlions the effect of increasing gg—i‘- for any given
angle of gttack for which partisl stalling has occurred ls to decrease
the region of separated flow. For example,-for the clean conditlon

at an angle of attack of 17.3° (fig. 13) the wing is completely stalled

for %%‘% = Q0; whereas, at a value of % g:% of 0.085 most of the

wing is unstalled although the flow is largely unsteady. Adlrplane
rotation in pitch is therefore shown by figures 13 end 14 to delsy
the angle of attack at which separatlon occurs above the upper surface
of the wing. These results avre in qualitative agreemsnt with the
force—test results which showed lncreases in ac; and Cp as

the tlme rate of change of angle of attack was Increased.

Comparison of Maximm Iift Coefficient Values in Flight Tests
and in Full-Scale-Tunnel Tests

A comparison has boen made of the values of CLmax obtained for

the present—day alrplane in the Langley full-scale tunnel and in £light.
Typlcal tlme historles. of stalls obtelined for the test alrplane In
flight for the clean and for the lending configurations are given in
figures 15 and 16, respectively. The flight tests were made at a

Reynolds number of 6.47 x 10° for the clean condition (—n% = l.20>

and st a Reynolds mumber of 5.3% X 1.06 for the landing condlition
(% = 1.2"(). During the flight tests the pllots succeeded In holding
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both the sideslip and the bank angles to 1° or less at the time of
maximum 1ift coefficient. The time historles of the stalls show that
the alrplane had sufficiently good stalllng characteristics so that
the maximm 1ift coefficlent was not limited by the occurrence of any
violent or uncontrollaeble motions of the airplane before maximum 1ift
was reached.

The full-scale—tunnel results have been corrected to the flight

values of Reynolds number, V/nD, and ¥ %%_ by the data obtained in

this paper. An additional correction has been applied to the full—
scale—tunnel measurements of Cg for the tail load necessary to

trim the alrplane at the maximum 1ift coefficient. This correction
was derived from pitching-moment data (not presented) obtained during
the present lnvestigation. The results thus obtained showed good
agreement (within 0.03) between the full-scale—tunnel values and
flight values of Cr for the clean condltlon. In the landing

condition, however, a discrepancy of 0.19 was found between the wind—
tunnel and flight results after the corrections had heen made, in

spite of the fact that the clean and the landing conditlons had been
troated by the same methods. It was known that the present=day alrplane
was quite large wlth respect to the full-scale—btunnel Jet ares;
accordingly, a study was made of the possible effects of the large size
of this alrplane on the measurements of CLmax made in the wind tunnel.

It was learned that the slize of the alrplane was such that-the wind—
tunnel Jet wase comnslderably dlstorted at high 1ift and drag coefflcients
corresponding to the landing conditlon although this distortion was
small at low lift and drag coeffiliclents corresponding to the clean
condition. Because of thls dlstortion two additional corrections,

which ere normaelly unnecessery, were determined and applied. The sum
of these corrections was found to be of significant magnitude In the
landing condition but of comperatively small magnitude for the clean
condlition.

The average dynamic pressure along the wlng span ls customarily
uged in reducing force data to coefficlent form., The data presented
herein have been obtalned in this manmer. Surveys made ahead of the
wing In the wind tunnel revealed, however, an unususlly large spanwlse
variation in dynamic pressure for the landing configuration at high
angles of attack with the lowest dynamic pressures at the center of
the wing. The normal spamwlse load distributlon for +this alrplens
with fleps down shows a rather concentrated load over the central
part of the wing, whlch was operating at a lower—than—average dynamic
pressure in these wind—tunnel tests, Thus, the use of the average
dynamic pressure. could result in an Incorrect low value of Cp, .

By using a value of q welghted in accordence with the spanwlse load
dlstribution, the value of Cg for the landing condition was found

to be 0.05 higher than previous calculatlions had indicated. For the

’



NACA TN No. 1639 11

flaps—up condition both the spanwise varlation of q and the wilng load
distribution were more uniform; and as a result, the correction found
by this procedure was negligible for that condition.

A second correctlion was found to arise from the influence of the
Jet boundery. In a1l wind tummels there is =& chordwise variation in
the Jet—boundary induced dowmwash. In the case of wings of smaJ_'L chord

and wrinoga Anavatdno a+ TAarr T3P AnaPPiatandta Fhla atrnatvacm adr1ma

produces no apprecleble change In the 1ift characteristics. However,
in the case of a wlng of large chord opersting at a high 11ft coeffi—
cient this air—stream curvabture is large enough to have the effect of
inducing an appreciable negative camber (in an open—throat tumnel) in
the wing. Calculations showed that for the present—day alrplane ths

effectlve camber change ab CLm in ths landing condition was

gufficlient to lower the value of CIma.x by about 0.05. The correction
of CL‘ for this effect for the clean configuratlon was 0.03.

Inagsmich as the previous corrections are relatively difficult and
cumbersome to determine and to apply, it is recommsnded that in cases
where accurate measurement of the value of Clm 1g desired ths ratio
of wing area to Jet areas should be kept below the ratio which existed
in this test (about 0.21) s, @8peclally 1if values of (g of the order

of 2 are expected. Since these corrections are a functlon of the 1ift
coefficient, however, data obtained at values of Cp corresponding to
the cruising or high—speed conditions msy not be appreciably altered

by these effects untll the relative model size becomes somewhat larger.

A comparison of the wind—bunnel test results snd the flight test
results of Cg is given in the followlng table:

Clean condition | Landing conditlon

Corrected CI in tunnsl 1.39 1.90
Ct in flight 1.39 1.99

Complete agreement is shown for the clean condition.

The agreement for the lending cond:}:bion, although it was considersbly
improved by the application of the corrections previously discussed, is
not so good inasmuch as a difference of 0.09 in CIM 1s indicgted for

this case. The explanation for this difference with the flaps deflected
is not readily apparent since the excellent agreement in the clean
condition tends to verify the accuracy of the methods used in this
comparlson. In connection with this discrepasncy for the landing
condition, it i1s interesting to compare the results of flight measurements
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of O of the same airplane (reference 5) made one year prior to the

flight tests reported herein. These earlier flight tests showed & value
of Cp of 2.20 as compared with a velue of 1.99 obtalned in the flight

teosts reported hsereln. This large reduction in CLmax nay be due, to

a great extent, to the effects of service usage on the slotted flaps
ugsed on this airplane. In referencs 2 1t ls shown that production
slotted flaps yielded increments of CLmax about 20 percent below

values predlcted from avallable two—dimenslonal tests of smooth slotted—
flap configurations. Thls difference 1s believed to result from such
ltems a8 inaccuracy of flap contour and location and roughness near the
flap leadlng edge since the characteristics of slotted flaps are
gensltive to changes 1n the flow conditions at this locetion. The
£light tests reported herein were conducted sbout one year prior to

the wind—tunnel tests. The obgerved loss of 0.21 in CLmax of this

alrplane in one year could well have been followed by some further loss
in the subsequent year, thus explalining, at least in part, the

0.09 dlfference between the wind—tunnel test and flight test values

of Cp « This 0.09 difference ln Cg is equlvalent to a

difference of only 2 miles per hour Iin the stalling speed of this
alrplane.

CONCLUDING REMARKS

A full-scale—tunnel Investigetion was conducted to study the
effects of time rate of change of angle of attack, 1dling propeller
operation, and Reynolds number on the maximum 1ift coefficlent of a
single—engine fighter—type alrplane.

1. The results of this investligetion indicate that good agreement- —
between wind—tummel end flight test values of maximum 1ift coefficlent
can be obtained if both the wind-tunnel and flight tests are carefully
controlled so that such test conditlons as time rate of change of angle
of attack, propeller operation, Reynolds number, and surface roughness
are reproduced and 1f the airplane belng tested is not too large in
comparison with the size of the wind tunnel used. -

2., The comparison of the tumnel data with flight measurements
of the maximum 1ift coefficient showed exact agreement 1n the clean
condition. The tummel value was 0.09 less than the flight value in the
landing condition which represents a difference of only 2 miles per hour
in the stalling speed. This difference is belisved to result, princilpally,
from deteriloration of flap and slot details.

3. In order to avold excessive wind—tumnel Jet distortion in an
open~throat tunnel, it is recommended that in cases where accurate
messurement of the value of the meximum 1ift coefficient is desired
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the ratlo of wing area to Jet area be lower than the ratlo which prevailed
in this test (&bout 0.21), especially if values of maximum 1ift coeffi—
clent of the order of 2 are expected.

4, Airplane rotation in pitch was found to delay the angle of attack
at which separation occurred. For both the clean and landing conditions,
increases in the maximm 1ift coefficient and in the angle of attack for
maximm 1lift of the order of 0.10 and 2.5°, respectively, resulted from
increases in the parameter for time rate of change of angle of attack
from O to 0.08.

5. For the range of values of the parameter for time rate of change
of angle of attack investigated, operation of the propeller at idling
power (propeller advance—dismeter ratio equal to 1.40) resulted in an
average lncrease In maximum 1ift coefficient of about 0.09 for the
clean configurstion and of about 0.16 for the landing configuration.

6. Increasing the Reynolds number from 2.5 X 10° to 5.1 X 106 had
a small seffect on the maximm 11ft coefficlent of the airplane as tested,
presumebly because of the comparatively rough wing surface of this

alrplans.

Langley Mémorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., March 15, 1948
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Figure 2.- Fighter-type airplane mounted in Langley full-scale tunnel.
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Figure 4.- Effect of % g—ta on the lift characteristics of the fighter-type airplane.
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Figure 7.- Effect of %E on the lift characteristics of the fighter-type airplane. Propeller
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Figure 15.~ Typical time history of a stall. Fighter-type airplane. Gear
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